absence of confounding QRS abnormalities, was validated by autopsy studies on hearts with myocardial infarction. Recently, a semiautomated computer algorithm for Selvester QRS scoring has been developed to evaluate scar burden in patients with the confounding factor of strict left bundle branch block (LBBB; Xia, Chaudhry et al., 2015) ; which can potentially facilitate the clinical use of the scoring system. Though promising, the limiting factor is the variable and at times low specificity for the 46 individual criteria assessed in the new semiautomatic Selvester LBBB version. Therefore, caution of its use has been advocated (Akerlund et al., 2015; Wieslander, Atwater, Wagner, & Ugander, 2015) . The usability and prognostic significance of the Selvester score for patients with conduction abnormalities such as LBBB have yet to be extensively validated in patient materials (Wieslander et al., 2013) .
We investigated the relationships among semiautomated Selvester score burden, LGE-CMR assessed scar burden and clinical outcome in patients with underlying heart failure, LBBB and ICD treatment.
| METHODS

| Study population
Consecutive patients with ischemic or nonischemic dilated cardiomyopathy at Skåne University Hospital Lund between 2002 and 2013 who had undergone LGE-CMR and 12-lead ECG recordings suggestive of LBBB pre-ICD implantation, were retrospectively included.
Clinical data and demographic information was collected from electronic medical records. The cause of death was obtained from the Swedish National Board of Health and Welfare cause of death registry. Ischemic cardiomyopathy was defined as (i) history of myocardial infarction or revascularization (CABG or PCI), (ii) ≥50% stenosis of LM or ≥70% proximal LAD or (iii) ≥70% stenosis of two or more epicardial vessels (Felker, Shaw, & O'Connor, 2002) . Patients not fulfilling the criteria for ischemic cardiomyopathy were classified as nonischemic dilated cardiomyopathy.
| Electrocardiography analysis
Standard 12-lead ECGs were acquired and stored digitally on the hospital server. Initial identification of eligible patients by the clinical group in Sweden was based on a clinical ECG evaluation of presence of standard LBBB as stated in the electronic medical records of the patient. Further strict LBBB criteria defined as QRS duration ≥140 ms in men or ≥130 ms in women, QS or rS in leads V 1 and V 2 , and mid-QRS notching or slurring in two of leads V 1 , V 2 , V 5 , V 6 , I, and aVL, in accordance with the Strauss criteria, was applied by the ECG core lab at Duke University . In Selvester scoring, eight leads are assessed; I, II, aVL, aVF, V 1 , V 2 , V 5 , and V 6 . A maximum of 32 points can be obtained for the nine categories evaluated (46 total individual criteria); R-amplitude, R/R′ ratio, presence of Q wave, S/S′ ratio, R-wave duration, notch in initial 40 ms, Q-wave duration, R/S ratio and R/Q ratio. The Selvester scoring system in LBBB subjects has been described in detail elsewhere (Loring et al., 2011) . For the semiautomatic Selvester score assessment, The "QUantitative and Automatic REport of Selvester Score" software (QuAReSS, University of Rochester, Rochester, NY, USA), specifically designed for analysis of strict LBBB ECGs was used by both the clinical group in Sweden and the ECG core lab at Duke University . Initial Selvester scores in the strict LBBB cohort were calculated by three authors from the clinical cardiology group in Sweden (UC, RB and PP). In parallel, all ECGs were reanalyzed and validated by the independent ECG core lab at Duke University (GW, BW and DS), As previously described by Xia, Chaudhry et al. (2015) , agreement on each of the nine categories was considered if both the clinical group in Lund and ECG core lab at Duke University had exact same location of position for the peak and nadir of a wave from two measurements for the R-amplitude, R/R′ ratio, S/S′ ratio, R/S ratio and R/Q ratio.
Furthermore, agreement on R-wave duration and Q-wave duration followed by the presence and absence of Q wave or notch at initial 40 ms. In case of discrepancy between the clinical cardiology group and the ECG core lab, the final score was determined by consensus.
In 66% of all patients, the two independent scoring results were the same or differed by a maximum of 1 point, and in 82% of cases they differed by a maximum of 2 points.
| LGE-CMR acquisition and analysis
Cardiovascular magnetic resonance was performed on two 1.5T scanners (Philips Achieva, Best, The Netherlands and Siemens Magnetom Vision, Erlangen, Germany). Left ventricular function was assessed by cine imaging in breath hold, both in short axis and long axis projections.
LGE-CMR images were acquired during breath hold using either a 2D or 3D ECG-triggered inversion recovery gradient echo. Shortaxis images covering the entire left ventricle and long-axis images in three planes were collected 10-20 min after injection of 0.2 mmol/kg of a gadolinium based contrast agent.
All image analysis was performed using the validated open software Segment v1.9 (http://segment.heiberg.se; Heiberg et al., 2010) .
Patients with LGE-CMR images of poor quality or with artifacts were excluded from the study. Left ventricular ejection fraction (LVEF), enddiastolic volume and end-systolic volume were determined by manually delineating the endocardium and epicardium in short axis cine images at both end-systole and end-diastole. Scar was quantified on short-axis LGE-CMR images using a semiautomatic algorithm (Heiberg et al., 2008) after manual delineation of the endocardium and epicardium. The regional scar distribution and burden was assessed using the American Heart Association 17-segment model (Cerqueira et al., 2002) .
| Statistical analysis
All statistical analyses were performed with IBM SPSS Statistics LGE-CMR score scar quantification was assessed using bivariate correlation analysis with Spearman's test. The bias between the two methods was assessed using Bland-Altman analysis. Analyses were made for all patients and subgroup analysis was performed on patients with LGE-CMR scar only. Survival analyses were performed using Kaplan-Meier curves. ROC analysis was used to select an appropriate cutoff mark for scar burden by Selvester scoring, in relation to clinical outcome (mortality or appropriate ICD therapy). A p-value <.05 was considered statistically significant.
| RESULTS
One hundred and five patients with LBBB appearance on ECG were identified, but only 67 fulfilled the strict definition of "true LBBB" as per new criteria . Seven patients were excluded; one patient had undergone Dor procedure, five had unsatisfactory LGE-CMR quality unsuitable for analysis and one patient suffered from a myocardial infarction in between ECG acquisition and LGE-CMR imaging. Sixty patients were finally included in the study (Figure 1 ) Patient characteristics are described in Table 1 . The mean age of the cohort was 65 years with a predominant male distribution (67%). Fifty-seven percent had nonischemic dilated cardiomyopathy and 43% ischemic cardiomyopathy. The mean LVEF was 27.6% ± 11.7. The mean time from LGE-CMR imaging to ICD implantation was 7.7 ± 15.2 months.
The mean time for the follow-up period was 34.6 ± 23.0 months.
All patients had evidence of scar by Selvester scoring (score > 0).
Sixty-two percent of the cohort had evidence of scar on LGE-CMR (n = 37). The Spearman correlation coefficient for LGE-CMR and Selvester score derived scar was r = .35 (p = .007; Figure 2a) . In general, and in particular for small scars by LGE-CMR, there was an overestimation of scar burden by Selvester scoring. Even in absence of scar on LGE-CMR, there was evidence of scar by Selvester scoring in all patients, ranging between 3% and 33% (median 15%; Figure 2a ).
The mean difference between LGE-CMR score and Selvester score was −13.3% ± 10.1% SD (Table 2) . A Bland-Altman plot for the two LGE-CMR (n = 1) scar analysis methods is presented in Figure 2b . In patients with LGE-CMR verified scar (n = 37) and corresponding Selvester scoring, the Spearman correlation coefficient was r = .37 (p = .024). In this group, the mean difference between LGE-CMR score and Selvester score was −11.7% ± 11.0% SD ( Table 2) .
Subanalyses in the two cardiomyopathy etiology groups showed that in ischemic cardiomyopathy, there was an underestimation of Selvester scar scoring (Spearman correlation coefficient between methods; r = .39, p = .047; Figure 3a) . In ischemic cardiomyopathies, a 11%-33% left ventricle scar on LGE-CMR corresponded to a Selvester score based scar ranging between 9%-51% (median 21%). On the other hand for nonischemic dilated cardiomyopathies, there was a tendency for overestimation of scar burden by Selvester scoring (r = .29, p = .09; Figure 3b ). Selvester scoring being more robust for ischemic cardiomyopathy, a detailed analysis revealed that for patients with dilated cardiomyopathy the algorithm overestimated scar burden in particular from ECG changes in leads V 1 , V 2 and V 5 . Points scored from these leads were responsible for 39% of all scar points in patients with positive Selvester score but no scar on CMR. Small R-waves in leads V 1 and V 2 often exceeded threshold values for positive scoring, even when there was no scar tissue, as did the R/R′ ratio over 1 in lead V 5 .
Fourteen patients (23%) had an event during the follow-up period, 11 (18%) deaths, and six adequate therapies (10% 
| DISCUSSION
Our data show that there was only a modest correlation between the gold standard LGE-CMR verified scar and Selvester score derived scar, using a semiautomated scoring software. In particular, the Selvester scar scoring had low correlation with verified scar burden in patients with absence of scar or with very high burden of scar on LGE-CMR.
The score seems to be robust regarding scoring for ischemic cardiomyopathy, but detailed analysis revealed that for patients with dilated cardiomyopathy the algorithm overestimated scar burden in particular from ECG changes in leads V 1 , V 2 , and V 5 . Nevertheless, the QuAReSS software is an easy tool to obtain the Selvester score from digital standard 12-lead ECGs, and if the scoring method is improved it may provide a reliable and reproducible method for ECG based scar prediction in clinical practice.
Initial studies validating the correlation of Selvester scoring with postmortem histopathology findings in myocardial infarct patients without conduction abnormalities were released in 1972 (Strauss & Selvester, 2009) . Subsequent modifications and updates to the Selvester QRS computer algorithm enabled semiautomatic ECG analysis in subjects with different conduction defects, bearing in mind the perception that the presence of left ventricular bundle branch block (LBBB) masks ECG myocardial infarct changes (Elizari, Acunzo, & Ferreiro, 2007; . More recent studies show a variable moderate correlation between Selvester scar scoring and LGE-CMR quantified myocardial scar estimation (Carlsen et al., 2012; Knippenberg et al., 2010; Welinder et al., 2009 ). Carlsen et al. (2012) found that Selvester QSR score was significantly correlated with delayed enhancement-magnetic resonance imaging (correlation coefficient r = .41, p < .01), but further confirmed that Selvester QRS score was biased toward overestimation of the myocardial infarct size.
We have shown that computer-assisted semiautomatic Selvester scoring is an emerging screening tool for detection of scar without performing LGE-CMR, and potentially could become an accessible and inexpensive tool. It allows quantification, but in relation to clinical outcome compared to LGE-CMR, the latter provides more clinical and diagnostic information. However, in view of our results, it is Selvester score, mean ± SD 7.0 ± 3.6
Selvester score infarct %, mean ± SD 20.9 ± 10.7
CMR infarct %, mean ± SD 9.2 ± 8.5
Difference CMR-Selvester score %, mean ± SD −11.7 ± 11.0 F I G U R E 3 (a, b) Scatter plot of Selvester QRS score and LGE-CMR scar burden in ischemic (n = 26) and nonischemic dilated cardiomyopathy patients (n = 34) F I G U R E 4 Kaplan-Meir survival curve for CMR patients with and without scar evident that in order for the software to be reliably and extensively used, the Selvester scoring needs higher specificity and perhaps also an increased sensitivity for those with high scar burden. The latter though is less of a problem since a distinction between 30% and 50% scar is not as pivotal as compared to the distinction between presence or absence of scar as an arrhythmic substrate.
The additive information from LGE-CMR-and Selvester QRS scoring in context with measurement of left ventricular function and assessment of functional class may provide more accurate prognostic information and allow for better selection of patient groups that may benefit from ICD therapy. However, data on correlation of LGE-CMR myocardial scaring with Selvester QRS scoring in LBBB cohorts is sparse (Strauss et al., 2008) .
Our results have confirmed the low correlation between Selvester scar score evaluation and CMR based scar measurements. Thus, the correlation in our cohort does not support the use of the Selvester scar scoring method in its present form, as a clinical alternative to CMR imaging. The semiautomated Selvester scoring for LBBB patients' needs further adjustment. At present a set of 46 criteria are used to characterize the myocardial scar tissue. It is possible that a more accurate score could be obtained if some of the less specific criteria of the score (46 in total) were omitted or modified, for instance R-wave amplitude and duration cutoffs and the potential error due to left axis deviation, both yielding erroneous Selvester score (Akerlund et al., 2015; Wieslander et al., 2015) . Ideally this validation should be done in a larger multicentre cohort with high quality CMR data available.
| LIMITATIONS
As previously described by Xia, Chaudhry et al. (2015) , the interindividual variability of Selvester score based scar evaluation for this LBBB cohort was low. In addition, ECG-based scar quantification corresponded well between the core lab and the clinical ECG analyzing physicians; more than 82% score agreement was observed between two independent measurements and by using the automatic method compared to manual adjudications (Xia, Chaudhry et al., 2015) .
The major limitation is the size of the study population entailing both ischemic and nonischemic dilated cardiomyopathy. It is widely known that after a myocardial infarction and reperfusion therapy, myocardial remodeling occurs with consequent subtle dynamic ECG changes over a period of time. Therefore, the actual final ECG appearance of possible strict LBBB may be missed depending on timing of ECG acquisition in relation to phase of myocardial infarction and time from reperfusion therapy. The actual extent of missed cases is unknown, but it raises the question of appropriate timing for both CMR scan and Selvester scoring. We have only analyzed a subset of patients and thus cannot make a generalized statement for Selvester scar score in other patient cohorts, which has to be validated in future studies. A total scar score was obtained for both CMR and Selvester scoring, but in view of overestimation of scar by Selvester scoring, perhaps segmental analysis is better. The Selvester scoring is generalizable and easily utilized, but the semiautomatic computerized scoring program (QuAReSS software) is limited in its applicability due to the prerequisite of a strict LBBB inclusion criterion. The Selvester score should be modified to include semiautomatic ECG interpretation of both conventional LBBB (QRS ≥ 120 ms) and non-LBBB ECG morphologies.
| CONCLUSION
There is a modest correlation between LGE-CMR and Selvester scoring verified myocardial scar. Magnetic resonance based scar burden is correlated to clinical outcome, but Selvester scoring based scar burden is not. The Selvester scoring algorithm needs to be further refined in order to be clinically relevant and reliable for detailed scar evaluation in patients with LBBB.
